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ULTRASONIC-WAVLEL
TRANSMITTER/RECEIVER

TECHNICAL FIELD

This invention relates to an ultrasonic-wave transmaitter/

receiver for a fish-finder that detects schools of fish using
ultrasonic waves.

TECHNICAL BACKGROUND

There 1s a conventionally known ultrasonic-wave trans-
mitter/recetver such that the case holding the ultrasonic
transducer of such transmitter/receiver 1s suspended by a
cable for signal transmission and 1s dropped into the water
so that the ultrasonic transducer transmits and receives
ultrasonic waves, thus detecting any school of fish present,
(e.g. see Patent Documents 1). This ultrasonic-wave trans-
mitter/recerver 1s used e.g. for 1ce fishing such as lake-smelt
fishing. The case of the ultrasonic-wave transmitter/receiver
1s to be mserted into the water through a hole made 1n the ice
when 1ce fishing.

PRIOR ART

Patent Document

Patent Document 1: Japanese published unexamined patent
application No. 2001-166056 (Paragraph [0006], FIG. 1,
FI1G. 2, etc.)

DISCLOSURE OF THE INVENTION
Problems to be Resolved by the Invention

By the way, to improve the detection accuracy of the
ultrasonic-wave transmitter/receiver, it 1s preferable to emit
(transmit) ultrasonic waves vertically downward, with the
acoustic-radiation surface of the ultrasonic transducer held
horizontally. Conventionally, such an acoustic-radiation sur-
face 1s kept horizontal by the weight of the ultrasonic
transducer. However, 1n the case that there 1s a great devia-
tion between the center of the case and the center of gravity
of the ultrasonic transducer, the ultrasonic-wave transmitter/
receiver 1s tilted into the water, and the acoustic radiation
surface 1s also tilted, so that the direction of the ultrasonic
waves being emitted (central axis of the acoustic pressure)
1s inclined with respect to the vertical direction. In this case,
a school of fish cannot be detected accurately, causing the
problem of an error occurring on the display of the fish-
finder.

This invention has been achieved 1n light of the above-
referenced problems. The purpose thereof such invention 1s
to provide an ultrasonic-wave transmitter/receiver capable
of stabilizing the balanced state of the ultrasonic-wave
transmitter/receiver in water so that the ultrasonic waves are
transmitted vertically downward, thus improving the detec-
tion accuracy.

Means for Solving the Problems

To solve the above problems, the first aspect of this
invention refers to an ultrasonic-wave transmitter/receiver
for a fish-finder, comprising: an ultrasonic transducer for
transmitting and receiving ultrasonic waves; a hanging-bell
shaped case for housing such ultrasonic transducer; and a
cable for suspending the case, characterized in that a weight
1s placed on the upper side of the ultrasonic transducer that
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2

1s located at the bottom 1nside the case, and therein such case
a filler 1s filled so as to leave a cavity at the upper region
inside the case.

Therefore, according to the first aspect of this invention,
placing the weight on the upper side of the ultrasonic
transducer inside the case makes the ultrasonic-wave trans-
mitter/recerver moderately heavy, thus making 1t harder to
swing while being suspended by the cable, thus stabilizing
the balanced state of the ultrasonic transducer in the water.
In addition, the filler 1s not filled into the whole case, but 1s
filled so as to leave a cavity at the upper region inside the
case, that lowers the center of gravity of the ultrasonic
transducer, thus realizing a more balanced state of the
ultrasonic-wave transmitter/receiver in the water. As such,
the acoustic-radiation surface of the ultrasonic transducer
becomes horizontal, and the ultrasonic waves can be trans-
mitted vertically downward, thus making 1t possible to
improve the detection accuracy of the ultrasonic-wave trans-
mitter/receiver.

A second aspect of this imnvention refers to an ultrasonic-
wave transmitter/receiver according to the first aspect of this
invention, characterized in that the weight of a substantially
truncated-cone shape includes a cable-insertion hole for
iserting a cable at the center of the weight.

Therefore, according to the second aspect of this mven-
tion, since the weight 1s of a substantially truncated cone
shape, a space 1s likely to be formed above the weight 1n the
case as compared to the case where the weight 1s of a
substantially conical shape, thus making it easier to lower
the center of gravity of the ultrasonic-wave transmaitter/
receiver. Further, since the weight according to the second
aspect of this invention has rotational symmetry, the center
of gravity of the weight 1s likely to align with the center of
the case, that 1s likely to prevent the ultrasonic-wave trans-
mitter/recerver from being tilted. As a result, the balanced
state of the ultrasonic-wave transmitter/receiver 1n water can
be easily stabilized, and the acoustic-radiation surface of the
ultrasonic transducer becomes horizontal, thus making 1t
casy to improve the detection accuracy of the ultrasonic-
wave transmitter/receiver. Further, since the weight 1s of a
substantially truncated-cone shape that does not fill the
space above the weight within the case, the weight of the
whole ultrasonic-wave transmitter/receiver can be reduced.
Therefore, even 1f the weight 1s housed 1n the case, the load
upon the cable can be minimized. Further, since the weight
1s ol a substantially truncated-cone shape, the weight can be
casily housed 1n the hanging-bell shaped case.

The third aspect of this invention refers to an ultrasonic-
wave transmitter/recerver according to the second aspect of
this invention, characterized 1n that the filler 1s filled into the
cable-insertion hole through which the cable 1s 1nserted.

Therefore, according to the third aspect of this invention,
once the filler that 1s filled into the clearance between the
inner-wall surface of the cable-insertion hole and the outer-
peripheral surface of the cable 1s cured, the cable can be
fastened firmly onto the weight having a cable-insertion
hole.

A fourth aspect of this invention refers to an ultrasonic-
wave transmitter/recerver according to any one of the first to
third aspects of this invention, characterized 1n that a con-
cave part, on which the wiring included 1n the cable can be
arranged, 1s formed on the bottom surface of the weight.

Therefore, according to the fourth aspect of this invention,
arranging the wiring in the concave part formed on the
bottom surface of the weight can prevent the problem of the
weilght pressing upon the wiring and being tilted. As a result,
the balanced state of the ultrasonic-wave transmitter/re-
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ceiver 1n the water 1s reliably stabilized, and the acoustic
radiation surface of the ultrasonic transducer 1s surely hori-
zontal, thus making it possible surely to transmit the ultra-
sonic waves vertically downward.

A fifth aspect of this invention refers to an ultrasonic-
wave transmitter/receiver according to the fourth aspect of
this invention, characterized in that a plurality of concave
parts radially extend from the center of the weight.

Theretfore, according to the fifth aspect of this invention,
since the concave part extends radially from the center of the
weilght, 1t makes it easy to align the center of gravity of the
weight with the center of the weight. As such, the weight 1s
less likely to tilt, thus making it possible to stabilize the
balanced state of the ultrasonic-wave transmitter/receiver
properly 1n the water. Further, the weight has a plurality of
concave parts, and even 1f a plurality of wiring exists, as
well, all of such wiring can be arranged 1n the concave part.

A sixth aspect of this invention refers to an ultrasonic-
wave transmitter/receiver according to the fourth or {fifth
aspect of this invention, characterized 1n that the wiring 1s
arranged 1n the concave part, and that the filler 1s filled into
the concave part in which the wiring i1s arranged.

Theretfore, according to the sixth aspect of this invention,
the filler 1s filled 1nto the clearance between the inner surface
of the concave part and the outer-peripheral surface of the
wiring arranged 1n the concave part. As such, once the filler
1s cured, the wiring can be firmly fastened onto the weight
having the concave part. Further, the weight and the ultra-
sonic transducer provided on the lower side of the weight
can be firmly fastened to each other via the filler filled into
the concave part.

A seventh aspect of this invention refers to an ultrasonic-
wave transmitter/recerver according to any one of the first to
sixth aspects of this invention, characterized in that the case
comprises: an upper case that is open at the lower end, with
the outer diameter being gradually reduced toward the upper
end; and a lower case that 1s open at the upper end, with the
bottom and side wall integrally formed into a concave
cross-section, therein the ultrasonic transducer 1s housed in
the lower case, the weight 1s housed 1n an opening section
of the upper case, and an upper-end surface of the filler 1s
located above the lower end of the upper case.

Therelfore, according to the seventh aspect of this inven-
tion, since the upper-end surface of the filler 1s located above
the lower end of the upper case, a joining area between the
upper case and the lower case 1s covered with the filler that
1s filled 1nto the case. As a result, the filler prevents water
from entering the case through the joint, thus improving the
waterprool performance of the case. In addition, once the
filler 1s cured, the upper case and the lower case can be
firmly joined.

The e1ghth aspect of this invention refers to an ultrasonic-
wave transmitter/receiver according to the seventh aspect of
this invention, characterized 1n that the upper-end surface of
the filler 1s located at a height of half or less of the height of
the upper surface of the ultrasonic transducer to the top of
the mner wall of the upper case.

Therelfore, according to the eighth aspect of this inven-
tion, the upper-end surface of the filler 1s located at a height
of half or less than the height of the upper surface of the
ultrasonic transducer to the top of the inner wall of the upper
case, thus surely making a cavity at the upper area 1n the
case. As a result, the center of gravity of the ultrasonic-wave
transmitter/receiver 1s lowered, thus further stabilizing the
balanced state of the ultrasonic-wave transmitter/receiver in
the water. Also, the filler 1s not fully filled into the whole
case, thus making 1t easy to reduce the weight of the
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ultrasonic-wave transmitter/receiver. Furthermore, the filler
can be filled 1nto the clearance between the outer-peripheral
surface of the weight arranged above the ultrasonic trans-
ducer and the inner wall of the upper case. In this case, the
weilght can be firmly fastened onto the upper case once the
filler 1s cured.

A nminth aspect of this mvention refers to an ultrasonic-
wave transmitter/receiver according to the seventh or eighth
aspect of this invention, characterized in that a positioning-
concave part, extending in the thickness direction of the
weight, 1s formed on the outer-peripheral surface of the
weight, and a positioning-convex part 1s provided on the
inner-peripheral surface of the upper case so as to be fitted
with the positioning-concave part, and that the filler 1s filled
into the clearance between the positioning-concave part and
the positioning-convex part.

Therefore, according to the ninth aspect of this invention,
the positioning-convex part provided on the inner-peripheral
surface of the case engages the positioning-concave part
formed on the outer-peripheral surface of the weight, so that
the weight 1s correctly positioned and fastened at the right
place. Moreover, since the filler 1s filled into the clearance
between the positioming-concave part and the positioning-
convex part, the weight can be reliably fastened once the
filler 1s cured.

A tenth aspect of this invention refers to an ultrasonic-
wave transmitter/receiver according to any one of the sev-
enth to ninth aspects of this invention, characterized in that
the inner wall of the lower case has a shape of which the
iner diameter gradually decreases toward the bottom of the
lower case, and therein the ultrasonic transducer that makes
contact with the mner wall 1s guided to the center position
of the lower case, thus being disposed on the bottom of the
lower case.

Therefore, according to the tenth aspect of this invention,
since the mner diameter of the lower case gradually
decreases toward the bottom of the lower case, the ultrasonic
transducer 1s guided into the center position of the lower
case once the ultrasonic transducer 1s housed in the lower
case, thus making it easy to get the ultrasonic transducer
positioned.

An eleventh aspect of this invention refers to an ultra-
sonic-wave transmitter/recerver according to any one of the
first to tenth aspects of this mnvention, characterized in that
the ultrasonic transducer comprises a piezoelectric element
having a plurality of cuts formed on its main-surface side,
with the outer surface of the piezoelectric element being
covered with the filler, and therein piezoelectric element the
filler 1s filled nto the plurality of cuts.

Therefore, according to the eleventh aspect of this mven-
tion, filling the filler 1nto the plurality of cuts reinforces each
of the plurality of oscillating parts arranged in the piezo-
clectric element via the cuts, thus making it possible to
prevent the oscillating part from being cracked. As a result,
the reliability of the ultrasonic transducer 1s improved.

A twellth aspect of this mmvention refers to an ultrasonic-
wave transmitter/receiver according to any one of the first to
tenth aspects of this invention, characterized in that the
ultrasonic transducer comprises a piezoelectric element hav-
ing a plurality of cuts formed on 1ts main-surface side,
therein, the outer surface of the piezoelectric element 1s
covered with the filler, on the other hand, the plurality of cuts
are all void spaces.

Therefore, according to the twelith aspect of this mven-
tion, the cuts are wholly a void space, and the filler 1s not
filled 1into the cuts so that the filler will not hinder the
deformation 1n the thickness direction of the plurality of
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oscillating parts arranged via the cuts of the piezoelectric
clement. As a result, 1t 1s possible to prevent sensitivity

reduction of the ultrasonic transducer caused by the filling of
the filler.

Eftects of the Invention

As described above 1n detail, according to the first to
twellth aspects of this mvention, stabilizing the balanced
state of the ultrasonic-wave transmitter/receiver in the water
cnables the ultrasonic waves to be transmitted vertically
downward, thus making 1t possible to improve detection
accuracy.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 1s a perspective view of the ultrasonic-wave
transmitter/receiver according to the embodiment of this
invention.

FIG. 2 1s a side view of the ultrasonic-wave transmitter/
receiver.

FIG. 3 1s a sectional view of between the line A-A of FIG.
2.

FIG. 4 1s an exploded-perspective view of the ultrasonic-
wave transmitter/receiver.

FIG. 5 1s a sectional view of between line B-B of FIG. 2.

FIG. 6 1s a perspective view of the piezoelectric element.

FIG. 7 1s a perspective view of the weight.

FIG. 8 1s a bottom view of the weight.

FIG. 9 1s a block diagram of the electrical configuration
of the ultrasonic-wave transmitter/receiver.

FIG. 10 1s a bottom view of the weight according to
another embodiment of this invention.

FIGS. 11(a) to 11(c¢) are views of the weight according to
another embodiment.

FIG. 12 1s a perspective view of the piezoelectric element
according to another embodiment.

FIG. 13 1s a perspective view of the weight according to
another embodiment.

FIG. 14 1s a perspective view of the weight according to
another embodiment.

FIG. 15 1s a perspective view of the upper case according
to another embodiment.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Hereinafter, the embodiments of this invention are
described 1n detail with reference to the drawings.

As shown in FIGS. 1 to 3, the ultrasonic-wave transmuitter/
receiver 10 as the embodiment of this mnvention i1s a device
for a fish-finder for detecting schools of fish present 1n water
by emitting ultrasonic waves therein. The ultrasonic-wave
transmitter/receiver 10 comprises an ultrasonic transducer
21 that transmits and receives ultrasonic waves; a case 50
that accommodates the ultrasonic transducer 21; and a cable
40 that suspends the case 50. The ultrasonic-wave transmit-
ter/recerver 10 as the embodiment of this invention 1s used
in the state of being suspended from the cable 40 in normal
use.

As shown 1n FIGS. 1 to 4, the case 50 1s of a hanging-bell
shape and includes a lower case 51 that constitutes the
lower-half part of the case 50 and an upper case 61 that
constitutes the upper-half part of the case 50. The lower case
51 1s made of an elastic body such as chloroprene rubber,
neoprene rubber or polyurethane that also functions as an
acoustic-matching layer, and has a bottom surface 52 and an
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6

outer-peripheral surface 53 perpendicular to the bottom
surface 52. Further, the lower case 51 1s a cylindrical case
having a bottom that opens at the upper end, and has a
concave cross-section with a bottom portion 54 and a side
wall 55 that are integrally formed. The lower end of the
upper case 61 1s fitted 1n the lower case 51. A step surface
56 1s formed at the upper-end side opening of the lower case
51, so that the opening end (lower end) of the upper case 61
that 1s fitted within the lower case 51 1s brought into contact
therewith.

A groove 37 1s formed on the outer-peripheral surface 53
of the side wall 55 of the lower case 51. The groove 57 1s
used 1n a way different than normally used. Specifically,
when the ultrasonic-wave transmitter/recerver 10 1s attached
to a boat (not shown in the drawings) for use, a fastening
member (not shown 1n the drawings) such as a U-shaped bolt
or a banding band or the like (not shown 1n the drawings) 1s
fitted 1nto the groove 57. The fastening member 1s fastened
onto the ultrasonic-wave transmitter/receiver 10 to a holder
(not shown 1n the drawings), and the holder 1s attached to the
stern of the boat.

As shown 1n FIG. 3, the inner wall 58 of the lower case
51 1s of a shape of which the mmner diameter gradually
decreases toward the bottom part 54. The ultrasonic trans-
ducer 21 1s housed 1n the lower case 51. Specifically, the
ultrasonic transducer 21 1s disposed on the inner surface 54a
of the bottom part 54 i the state thereof the ultrasonic
transducer 21 1s guided to the center position of the lower
case 51 in abutting contact with the mner wall 38. The
ultrasonic transducer 21 comprises a base material 22, which
also functions as an acoustic-matching layer, and a piezo-
clectric element 23 that 1s joined to the base matenal 22. The
amount of deviation between the central axis O1 of the
piezoelectric element 23 and the central axis O2 of the base
material 22 1s 2% or less (0% for the embodiment of this
invention) of the outer-diameter dimensions of the base
material 22. Also, the amount of deviation between the
central axis O3 of the lower case 51 and the central axis O2
of the base material 22 1s 2% or less (0% for the embodiment
of this mvention) of the outer-diameter dimensions of the
lower case 51.

The base material 22 1s a disk-shaped plate-like resin
member formed using glass epoxy (FR-4). In addition, the
piezoelectric element 23 1s, for example, a disk-shaped
ceramic plate-like member formed by using lead-zirconate
titanate (PZT) that 1s a piezoelectric ceramic. The piezo-
clectric element 23 has a front surface 31 and a rear surface
32 opposite the front surface 31. Further, a front-surface-side
clectrode (not shown 1n the drawings) 1s formed on the front
surface 31 of the piezoelectric element 23, and a rear-
surface-side electrode (not shown in the drawings) 1s formed
on the rear surface 32 of the piezoelectric element 23. Also,
according to the embodiment of this mvention, the entire
front surface 31 of the piezoelectric element 23 1s joined to
the base material 22 via the front-surface-side electrode and
via the adhesive layer (not shown 1n the drawings). Then, the
front surface 31 that 1s joined to the base material 22
functions as an acoustic-radiation surface for emitting
(transmitting) the ultrasonic wave W1 when the piezoelec-
tric element 23 oscillates in the radial direction.

As shown 1n FIGS. 3, 4, and 6, the piezoelectric element
23 1s configured with a plurality of columnar oscillating
parts 33 that are divided so as to extend in the thickness
direction of the piezoelectric element 23. Each oscillating
part 33 1s configured by forming a plurality of cuts K1
extending 1n the vertical and horizontal directions on the rear
surface 32 (main surface) side of the piezoelectric element
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23. Also, each oscillating part 33 1s connected to each other
at the end of the front surface 31 of the piezoelectric element
23.

As shown i FIGS. 3 and 4, a copper foil 34 1s attached
to the entire rear surface 32 of the piezoelectric element 23
via a rear-surface-side electrode. The copper foil 34 of the
embodiment of this invention contains a conventionally
known conductive filler and 1s joined to the rear surface 32
via an adhesive (not shown in the drawings). Also, by
attaching the copper foil 34 to the rear surface 32, such
copper foil 34 becomes a common electrode on the tip
surface of each oscillating part 33.

Then, as shown 1n FIG. 3, the first wiring 41 1s connected
to the front-surface-side electrode, and the second wiring 42
1s connected to the copper foil 34. The first wiring 41 1s
connected to a side-surface terminal (not shown in the
drawings) extending outward from the front-surface-side
clectrode by soldering or the like. The second wiring 42 1s
connected to the outer-peripheral part of the copper foil 34
by soldering or the like. Then, the first wiring 41 and the
second wiring 42 are connected to the cable 40 by soldering,
and the cable 40 1s pulled out of the case 50 through the
wiring-insertion hole 64 provided on the upper part of the
case 30).

As shown in FIGS. 3 and 4, a sheet-shaped acoustic
insulator 43 (backing material) 1s attached to the rear-side
surface 32 of the piezoelectric element 23. The acoustic
insulator 43 1s for suppressing reverberation. As for the
acoustic 1nsulator 43, 1t 1s possible to use a resin material or
rubber containing particles or fibers made of metal or
ceramics or to use a resin material having pores dispersed
therein (e.g. a sponge or the like).

As shown 1n FIGS. 1 to 5, the upper case 61 1s open at the
lower end 6la and has a structure of which the outer
diameter gradually decreases toward the upper end. The
upper case 61 1s formed using a resin material such as ABS
resin (acrylonitrile butadiene styrene resin) or PC resin
(polycarbonate resin) that hardly deforms since it has very
little elasticity. That 1s, the upper case 61 1s made of a
material harder than that (e.g. chloroprene rubber or the like)
of the lower case 51. Further, a through-hole 62 1s provided
at the upper end of the upper case 61, and a bushing 63 made
of chloroprene rubber or neoprene rubber or the like 1s fitted
into the through-hole 62. The bushing 63, as described
above, 1s of an annular shape having a wiring-insertion hole
64 in the center and has the function of fastening the cable
40 to be inserted through the wiring-insertion hole 64.

As shown 1n FIGS. 3 and 5, four positioning convex parts
66 arc provided on the mmner-peripheral surface 65 of the
upper case 61. Each positioning convex part 66 1s arranged
at the lower end (opening) of the upper case 61 and is
arranged at an equal angular interval (90 degrees interval)
with reference to the central axis O4 of the upper case 61.
Each positioning convex part 66 1s of a plate shape and
protrudes toward the central axis O4. Furthermore, as shown
in FIG. 3, each positioning convex part 66 1s of a substan-
tially triangular shape when viewed from the circumierential
direction of the upper case 61. The mner-end edge 66a of
cach positioning convex part 66 1s arranged 1n parallel to the
central axis O4. Also, the lower-end edge 665 of each
positioning convex part 66 1s located at the same height as
the lower end 61a of the upper case 61.

As shown 1 FIGS. 3 to 5, 7, and 8, a weight 81 1s housed
in the opeming of the upper case 61. The weight 81 1is
arranged above the ultrasonic transducer 21 that 1s arranged
at the bottom part 34 1n the lower case 51, with an acoustic
insulator 43 interposed there between. The weight 81 has a
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function of 1mmersing the case 50 under water and a
function of adjusting the center of gravity so that the case 50
will not t1lt while the case 50 1s being suspended by the cable
40. Also, the weight 81 1s made of a matenial having a large
specific gravity such as zinc, lead, or the like and 1s of a flat,
substantively truncated-cone shape having a cable 1nsertion
hole 82 in the center for iserting the cable 40. In other
words, the height of the weight 81 1s less than half the
maximum diameter (outer diameter) of the weight 81. The
amount of deviation between the center axis O5 of the
weilght 81 (cable 1nsertion hole 82) and the center axis O1 of
the piezoelectric element 23 1s 2% or less (0% for the
embodiment of this invention) of the outer-diameter dimen-
sion of the piezoelectric element 23. Also, most of the
outer-peripheral surface 83 (the area excluding the lower-
end part) of the weight 81 1s an inclined surface. The
inclination angle of the inclined surface with reference to the
central axis O5 of the weight 81 1s nearly equal to the
inclination angle of the mner-peripheral surface 65 of the
upper case 51 with reference to the central axis O4 of the
upper case 31. Moreover, the thickness of the weight 81 1s
less than the outer diameter (maximum diameter) of the
weight 81.

As shown in FIGS. 3 to 5, FIGS. 7 and 8, four positioning-
concave parts 84 are formed on the outer-peripheral surface
83 of the weight 81. Each positioning-concave part 84 1is
arranged at the lower end of the weight 81 and are arranged
at an equal angular interval (90 degrees interval) with
reference to the center axis O5 of the weight 81. Also, each
positioning-concave part 84 extends in the thickness direc-
tion of the weight 81 and opens at the outer-peripheral
surface 83 and the bottom surface 85 of the weight 81.
Further, each positioning-concave part 84 has a rounded
opening. In addition, each positioning-convex part 66 on the
upper-case side 61 1s engaged 1n the center position of the
positioning-concave part 84. At this time, the imnner-end edge
66a of the positioming-convex part 66 1s 1n contact with the
bottom surface of the positioning-concave part 84. Also, the
clearance between the positioning-concave part 84 and the
positioning-convex part 66 in the completed state of the
ultrasonic-wave transmitter/receiver 10 1s 2% or less (0.5%
for the embodiment of this invention) of the outer-diameter
dimension of the piezoelectric element 23.

As shown i FIGS. 3, 4, 7 and 8, four concave parts, on
which the first wiring 41 and second wiring 42 included in
the cable 40 can be arranged, are formed on the bottom
surface 85 of the weight 81. The width of each concave part
86 1s greater than the outer diameter of the wirings 41 and
42, and the depth of each concave part 86 1s also greater than
the outer diameter of the wirings 41 and 42. Also, each one
of the concave parts 86 1s of the same length and extends
radially from the center C1 of the weight 81 toward the outer
peripheral side, and each one of the concave parts 86 1s
arranged at an equal angular interval (90 degrees interval)
with reference to the center C1 of the weight 81. The weight
81 as the embodiment of this invention has rotational
symmetry. The base end of each concave part 86 commu-
nicates with the cable insertion hole 82, and the tip of each
concave part 86 communicates with the positioning-concave
part 84.

As shown 1n FIG. 3, the case 50 1s filled with a filler Al
made of a resin material (epoxy resin, urethane resin,
silicone resin or the like) or an adhesive (two-component
curing-type epoxy adhesive, rubber adhesive or the like).
The filler Al 1s filled 1nto the case 50 such that a cavity A2
1s to be secured 1n the upper region thereof. The thickness of
the weight 81 as described above 1s less than the height of
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the cavity A2. The upper-end surface A3 of the filler Al 1s
located above the lower end 6la of the upper case 61,
specifically, at the same height as the upper surface 87 of the
weight 81. In other words, the upper-end surtace A3 of the
filler A1 1s located at a height of half or less than the height
from the upper surface 21a (specifically, the rear surface 32
of the piezoelectric element 23) of the ultrasonic transducer
21 to the 1mner surface of the top 67 (upper end) of the inner
wall of the upper case 61. Also, a part of the filler A1 covers
the outer surface of the piezoelectric element 23 and 1s filled
into a void space (cut K1) between the oscillating parts 33
adjacent to each other in the piezoelectric element 23.
Further, a part of the filler A1 1s filled 1nto the cable-insertion
hole 82 of the weight 81 through which the cable 40 1s
inserted and 1s filled into the concave part 86 of the weight
81 1n which the wirings 41 and 42 are arranged. A part of the
filler A1 1s also filled into the clearance between the posi-
tioming-concave part 84 of the weight 81 and the position-
ing-convex part 66 of the upper case 61.

Next, the electrical configuration of the ultrasonic-wave
transmitter/recerver 10 1s described.

As shown 1n FIG. 9, the liquid-crystal monitor (not shown
in the drawings) of the ultrasonic-wave transmitter/receiver
10 comprises a controller 70 that integrally controls the

whole device. The controller 70 1s configured with a well-
known computer including a CPU 71, aROM 72, aRAM 73

and the like.

The CPU 71 1s electrically connected to the ultrasonic
transducer 21 via a transmission/reception circuit 74. The
transmission/reception circuit 74 outputs an oscillation sig-
nal to the ultrasonic transducer 21 to drive the ultrasonic
transducer 21. As a result, the ultrasonic transducer 21 emits
(transmits) ultrasonic waves into the water. In addition, an
clectrical signal indicating an ultrasomic wave (reflected
wave) recerved by the ultrasonic transducer 21 1s iput to the
transmission/reception circuit 74. Furthermore, the CPU 71
1s electrically connected to the operation umt 75 and to the
display unit 76 of the liquid-crystal monitor.

Then, the CPU 71, as shown in FIG. 9, controls the
transmission/reception circuit 74 so that the ultrasonic
waves are emitted from the ultrasonic transducer 21. The
CPU 71 also receirves, via the transmission/reception circuit
74, a reception signal generated at the time when the
ultrasonic transducer 21 receives the reflected waves. Then,
the CPU 71 generates the detected-image data based on the
reception signal and stores such detected image data in the
RAM 73. The CPU 71 takes control of the display unit 76
to show the detected image based on the detected-image data
stored 1n the RAM 73.

Hereinafter, the method for using the ultrasonic-wave
transmitter/receiver 10 1s described.

The wultrasonic-wave transmitter/receiver 10 of the
embodiment of this invention 1s used for 1ce fishing such as
a lake-smelt fishing. In ice fishing, the case 50, which houses
the ultrasonic transducer 21, 1s suspended by a cable 40 and
immersed into the water. Then, fish finding 1s done by
transmitting and receiving ultrasonic waves by the ultrasonic
transducer 21. Specifically, firstly, switch on the power (not
shown 1n the drawings) of the ultrasonic-wave transmitter/
receiver 10 and of the liquid-crystal monitor. The liquid-
crystal monitor, for example, 1s to be used while being held
by an operator. Next, the CPU 71 of the controller 70
controls the ultrasonic transducer 21 to output an oscillation
signal from the transmission/reception circuit 74 via the
cable 40 so as to drive the ultrasonic transducer 21. At this
time, the oscillating part 33 of the piezoelectric element 23
repeats contraction and extension in the thickness direction.
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As a result, the piezoelectric element 23 oscillates, and
ultrasonic waves are emitted (transmitted) from the ultra-
sonic transducer 21 into the water. Then, when the ultrasonic
waves reach a school of fish or the bottom of a lake, the
ultrasonic waves are reflected by the school of fish or the
bottom of the lake to become retlected waves and are then
propagated toward the ultrasonic-wave transmitter/recerver
10 and then mnput to (received by) the ultrasonic transducer
21. After that, the ultrasonic wave (reflected wave), received
by the ultrasonic transducer 21, 1s converted 1nto a reception
signal and mnput to the CPU 71 via the cable 40 and via the
transmission/reception circuit 74. The CPU 71 processes the
information of the amplitude and time (timing) of the signal
received from the series of transmissions and receptions and
creates a 2-dimensional picture to show on the display unit
76.

Heremaftter, the method for manufacturing the ultrasonic-
wave transmitter/receiver 10 1s described.

Firstly, prepare the base material 22. Specifically, a resin
plate-like member made of glass epoxy (FR-4) 1s cut into a
circular shape. Then, prepare a ceramic plate-like member
that 1s to be the piezoelectric element 23. Specifically, after
producing a disk-shaped ceramic-sintered body made of
lead-zirconate titanate (PZT), surface polishing 1s done to
obtain a ceramic plate-like member. Next, form a front-
surface-side electrode on the front surface 31 of the ceramic
plate-like member, and form a rear-side electrode on the rear
surface 32 of the ceramic plate-like member. Specifically, a
silver paste 1s applied respectively to the front surface 31 and
rear surface 32 of the ceramic plate-like member, and such
applied silver paste 1s fired to form a front-surface-side
clectrode and a rear-surface-side electrode. Then, voltage 1s
applied between the front-surface-side electrode and the
rear-surface-side electrode, thus performing a polarization
process to polarize the ceramic plate-like member 1n the
thickness direction.

Next, join a ceramic plate-like member to one surface of
the base material 22 via the front-surface-side electrode.
Specifically, an adhesive (e.g. an epoxy adhesive or the like),
to be an adhesive layer, 1s applied either to the surface of the
front-surface-side electrode or the surface of the base mate-
rial 22 to firmly bond the ceramic plate-like member to the
base material 22. Instead of applying such an adhesive, it 1s
also possible to braze, using solder or the like.

Next, a plurality of cuts K1 are formed on the rear surface
32 of the ceramic plate-like member by a cutting work or the
like, so that the ceramic plate-like member 1s divided into a
plurality of oscillating parts 33, and that the rear-surface-
side electrode formed on the rear surface 32 of the ceramic
plate-like member 1s also divided 1nto a plurality (the same
number as the oscillating part 33). At this point, the piezo-
clectric element 23 1s completed. Since each oscillating part
33 1s divided at the end of the front surface 31 of the
piezoelectric element 23 1n a state of being connected to
each other, the front-surface-side electrode formed on the
front surface 31 1s not possibly divided. After that, a copper
fo1l 34 1s attached to the whole rear surface 32 of the
piezoelectric element 23. The copper 101l 34 1s to be used as
a common electrode on the tip surface of each oscillating
part 33. At this point, the ultrasonic transducer 41 1s com-
pleted.

After the ultrasonic transducer 21 1s completed, the first
wiring 41 1s connected to the front-surface-side electrode via
a side-surface terminal (not shown in the drawings) by
soldering or the like, and the second wiring 42 1s connected
to the copper foil 34 by soldering or the like. Next, an
acoustic isulator 43 for reducing reverberation 1s attached
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to the rear surface 32 of the piezoelectric element 23.
Furthermore, while the first wiring 41 1s joined to the cable
40 by soldering, the second wiring 42 1s also joined to the
cable 40 by soldering. Then, each joint 1s covered by a
shrinkage tube for the purpose of msulation.

Then, the ultrasonic transducer 21 1s housed 1n the lower
case 51. Since the inner wall of the lower case 51 has a shape
of which the inner diameter gradually decreases toward the
bottom 54, the ultrasonic transducer 21 1s held 1n a hori-
zontal state by contact with the inner wall, thus being guided
into the center position of the lower case 51. Then, the
ultrasonic transducer 21 1s bonded to the lower case 51 in a
state 1n which the ultrasonic transducer 21 1s arranged such
that the amount of deviation between the central axis O3 of
the lower case 51 and the central axis O2 of the base matenal
22 15 2% or less of the outer-diameter dimension of the lower
case 51. Specifically, an adhesive (epoxy adhesive or the
like) 1s applied either to the inner surface 54a of the lower
case 51 or to the rear surface of the base material 22, thus
firmly bonding the ultrasonic transducer 21 to the lower case
51.

Further, the filler A1l 1s filled into the case 50. Specifically,
first, the bushing 63 1s fitted 1nto the through-hole 62 of the
upper case 61. Then, the cable 40 1s inserted into the
cable-insertion hole 82 of the weight 81. Since the base end
of the concave part 86 communicates with the cable-inser-
tion hole 82, and the tip of the concave part 86 communi-
cates with the positioning-concave part 84, the cable 40 can
be 1nserted 1nto the cable-insertion hole 82 from the side of
the weight 81 via the concave part 86. After that, the wirings
41 and 42 are arranged 1n the concave part 86 of the weight
81, thus firmly fastening the wirings 41 and 42 with a tape
(not shown in the drawings) or the like. Next, with the upper
case 61, which 1s turned upside down, the cable 40 1is
inserted into the wiring-insertion hole 64 of the bushing 63,
and then the weight 81 1s housed 1n the opening of the upper
case 61. At this time, the outer-peripheral surface 83 of the
weight 81 contacts the mner-peripheral surface 635 of the
upper case 61, so that a space 1s made below the weight 81
within the upper case 61. Also, to prevent the cable 40 from
coming oil, a knot can be provided at a position between the
weight 81 and the bushing 63 1n the cable 40, or a banding
band can be fastened thereat.

Next, the liquid type of filler A1 1s poured into the upper
case 61 from the cable-insertion hole 82. Further, in a state
in which the lower case 51 1s turned upside down, the lower
case 51 1s covered and fitted onto the upper case 61 to form
the case 50. Also, 1t 1s possible, for reinforcement, to apply
in advance an adhesive (not shown in the drawings) to the
contact region between the upper case 61 and the lower case
51. Then, betore the filler A1 that has been filled into the
upper case 61 1s cured, the case 50 1s turned upside down,
and the bottom surface 32 of the lower case 51 1s directed
downward, thus placing the case 50 onto a horizontal tlat
surface (not shown 1n the drawings). As a result, the filler Al
in the upper case 61 passes through the cable-insertion hole
82 to flow 1nto the lower case 51. As such, the cavity A2 1s
made 1n the upper region of the upper case 61. Further, since
the filler A1 spreads from the upper surtace 87 of the weight
81 to the iner surface 54a (bottom surface) of the lower
case 51, the joint area between the upper case 61 and the
lower case 51 1s covered with the filler A1, thus securing the
sealed state of the case 50. Also, a part of the filler Al 1s
filled 1nto the void spaces (cut K1) between the oscillating
parts 33 adjacent to each other in the piezoelectric element
23. Then, the weight 81 moves (drops) to the lower case 51,
while being guided by the case 50 and by the cable 40, and
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1s placed onto the acoustic insulator 43. At this time, the
amount of deviation between the central axis O35 of the
weight 81 and the central axis O1 of the piezoelectric
clement 23 1s 2% or less of the outer-diameter dimension of
the piezoelectric element 23.

Then, the case 50 1s left to stand until the filler A1 1s cured.
Heat treatment 1s done according to the type of the filler Al
to cure the filler Al. At this point, the ultrasonic-wave
transmitter/recerver 10 1s completed.

Theretore, the embodiment of this invention realizes the
following eflects.

(1) According to the ultrasonic-wave transmitter/receiver
10 as the embodiment of this mvention, the weight 81
1s placed onto the upper side of the ultrasonic trans-
ducer 21 1nside the case 50 to make the ultrasonic-wave
transmitter/receiver 10 moderately heavy and thus
harder to swing while being suspended by the cable 40,
thus keeping the ultrasonic-wave transmitter/receiver
10 1n the water balanced. In addition, the filler A1 1s not
filled 1nto the entire case 50 but 1s filled so as to secure
a cavity A2 at the upper region inside the case 50, so
that the center of gravity of the ultrasonic-wave trans-
mitter/recerver 10 can be lowered, thus stabilizing the
balanced state of the ultrasonic-wave transmitter/re-
ceiver 10 1n the water. As a result, the acoustic-
radiation surface (specifically, the front surface 31 of
the piezoelectric element 23) of the ultrasonic trans-
ducer 21 becomes horizontal, and the ultrasonic waves
can be transmitted vertically downward, thus making it
possible to improve the detection accuracy of the
ultrasonic-wave transmitter/receiver 10.

(2) According to the embodiment of this mvention, since
the height of the weight 81 1s half or less than the
maximum diameter of the weight 81, the weight 81 1s
of a considerably flat shape. As a result, the space
generated above the weight 81 1n the case 50 becomes
larger, that making the weight 81 lighter, thus making
it easier to lower the center of gravity of the ultrasonic-
wave transmitter/receiver 10.

(3) According to the embodiment of this invention, the
concave part 86 radially extends from the center C1 of
the weight 81, and the concave part 86 1s arranged at an
equal angular interval with reference to the center C1 of
the weight 81. In other words, since the weight 81 as
the embodiment of this invention has rotational sym-
metry, the center of gravity of the weight 81 1s aligned
with the center C1 of the weight 81. As a result, the
weight 81 1s less likely to tilt, thus making it possible
more to stabilize the balanced state of the ultrasonic-
wave transmitter/receiver 10 in the water.

(4) Also, according to the embodiment of this invention,
an even number (four) of the concave parts 86 are
formed in the weight 81, and each concave part 86 is
arranged at an equal angular interval with reference to
the center C1. Thus, of all the concave parts 86, the
prescribed concave part 86a, and the concave part 865
on the opposite side of the concave part 86a, via the
center C1, are aligned 1n a straight line (see FIG. 8). In
this case, since the arrangement of the concave 86 1s
rotationally symmetric, the center of gravity of the
weight 81 1s on the central axis O5, thus making 1t more
reliably possible to stabilize the balanced state of the
ultrasonic-wave transmitter/recerver 10 in the water.

(5) According to the embodiment of this mvention, the
amount of deviation between the central axis O1 of the
piezoelectric element 23 and the central axis O2 of the
base material 22 1s 0%, and the amount of deviation
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between the central axis O1 and the central axis OS5 of
the weight 81 1s 0%, and the amount of deviation
between the central axis O2 and the central axis O3 of
the lower case 51 1s 0%. That 1s, each amount of

in FI1G. 13, a plurality of (e.g. four for this embodiment)
grooves 114 that connect the bottom surface and the
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upper surface 113 of the weight 111 may be formed on
the outer-peripheral surtace 112 (inclined surface) of
the weight 111, so that air can be released from the
upper case 61 via each groove 114. Also, as shown 1n

deviation at the central axes O1 to O3 and O3 1s kept 5 FIG. 14, a plurality of (e.g. four for this embodlment)
low, thus making 1t reliably possible to adjust the center protrusions 117 may be provided on the outer-periph-
of gravity of the ultrasonic-wave transmitter/receiver eral surface 116 of the weight 115, and when the weight
10. 1135 1s housed 1n the upper case 61, the tip-surface of
(6) According to the embodiment of this mnvention, filling cach protrusion 117 1s contacted with the inner-periph-
the filler Al into the plurality of cuts K1 remnforces each 10 eral surface 65 of the upper case 61, thus making a
of the plurality of oscillating parts 33 arranged 1n the clearance between the upper case 61 and the weight 115
piezoelectric element 23 via the cuts K1, thus making to release the air. Furthermore, as shown 1n FIG. 15, a
it possible to prevent the oscillating parts 33 from being plurality of protrusions 68 may be provided above the
cracked. As a result, the reliability of the ultrasonic positioning-convex part 66 on the inner-peripheral sur-
transducer 21 1s improved. 15 face 65 of the upper case 61, and when the weight 81
Also, each embodiment of this invention can be modified, 1s housed 1n the upper case 61, the tip-surface of each
as follows. protrusion 68 1s contacted with the outer-peripheral
According to the above embodiment, the bottom surface surface 83 of the weight 81, thus making a clearance
85 of the weight 81 1s formed with the four concave between the upper case 61 and the weight 81 to release
parts 86 extending from the center C1 to the outer- 20 the air. Alternatively, a member (spacer) may be
peripheral side. However, the number of concave parts inserted between the inner-peripheral surface 65 of the
86 may be five or more or three or less (e.g. two 1n FIG. upper case 61 and the outer-peripheral surface 83 of the
10). Also, the concave parts 86 need not extend from weight 81, thus making a clearance to release the air.
the center C1 to the outer-peripheral side. For example, According to the embodiment of this invention, the case
they may be arranged between the center C1 of the 25 50 1s configured by joining the upper case 61 to the
weight 81 and the outer-peripheral part of the weight 81 lower case 51. However, the case can also be mtegrally
and have a circular shape 1n the planner view or a formed.
rectangular shape 1n the planner view, or the like. According to the above embodiment of this invention, the
According to the above embodiment, four positioning- upper case 61 and the lower case 51 are joined by fitting
concave parts 84 are formed on the outer-peripheral 30 the lower end of the upper case 61 into the lower case
surface 83 of the weight 81, and four positioning- 51 from the upper-end-side opeming of the lower case
convex parts 66 are provided on the mner-peripheral 51. However, 1t 1s also possible to join them in another
surface 65 of the upper case 61. However, the number way. For example, the upper case 61 and the lower case
ol positioning-concave parts 84 and positioning-con- 51 may be joined by curing the filler A1 that has been
vex parts 66 may be five or more or three or less. To the 35 filled into the case 50. In addition, it 1s also possible to
contrary, neither the positioning-concave portion 84 jo1n the upper case 61 to the lower case 51 by inserting
nor the positioning-convex portion 66 need be pro- a screw 1to a screw 1insertion hole provided on the
vided. upper case 61 (or lower case 51) and then screwing the
According to the above embodiment, the weight 81 of a tip of the inserted screw into the lower case 51 (or
substantially truncated-cone shape having the cable- 40 upper case 61). Furthermore, 1t 1s possible to join the
insertion hole 82 in the center 1s used. However, a upper case 61 to the lower case 51 by using an
weight of another shape may be used. For example, as adhesive.
shown 1n FIG. 11(a), 1t 1s possible to use a weight 103 According to the above embodiment of this invention,
having a cable-insertion hole 102 whose inner diameter buoyancy materials made of a material of a lesser
gradually increases toward the bottom surface 101. As 45 specific gravity than that of the filler Al, such as
such, when the lower case 51 1s fitted into the upper styrene foam, air cap and styrene beads, can be filled
case 61, the excess part of the cable 40 can be accom- into the cavity A2 left in the upper region of the case 50
modated 1n the opening space of the bottom surface 101 after filling the filler A1. As such, the ultrasonic-wave
of the cable-insertion hole 102. As shown 1n FIG. 11(5), transmitter/receiver 10 1s then provided with buoyancy,
it 1s also possible to use a substantially disc-shaped 50 thus making it possible to stabilize the balanced state of
weight 105 having a cable-insertion hole 104 at the the ultrasonic-wave transmitter/recerver 10 1n the
center. It 1s further possible to use a weight 107 (see water.
FIG. 11(c) made of a plurality of weight parts 106 According to the ultrasonic transducer 21 as the embodi-
divided from each other. Furthermore, it 1s possible to ment of this invention, the outer surface of the piezo-
use a granular type of weight (lead ball) that 1s housed 55 clectric element 23 1s covered with the filler A1, and the
in the case 50 such that a space 1s secured 1n the upper filler A1 1s filled 1nto a plurality of the cuts K1 formed
region of the case 50. on the piezoelectric element 23. However, such cuts K1
According to the above embodiment, 1n a state 1n which can be a void space. In this case, the filler A1 1s not
the upper case 61 that 1s housing the weight 81 1s turned filled ito the cuts K1 to avoid the hinderance of
upside down, the liquid type of filler Al 1s poured mto 60 deformation in the thickness direction of the plurality
the upper case 61 from the cable-insertion hole 82. of oscillating parts 33 arranged via the cuts K1. As a
However, to shorten the time of 1nserting the filler Al result, 1t 1s possible to prevent sensitivity reduction of
into the case 61, it 1s possible to provide a clearance the ultrasonic transducer 21 caused by the filling of the
between the upper case 61 and the weight, so that air 1s filler Al. As a method for making each cut K1 a void
released from the upper case 61. For example, as shown 65 space, 1t 1s possible to wind a tape (not shown 1n the

drawings) or a sponge (not shown in the drawings)
around the outer-peripheral surface of the piezoelectric
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clement 23 or to fill both ends of each cut K1 with a
filling resin or the like, thus making 1t possible to
prevent the filler A1 from entering the cuts K1.

The ultrasonic transducer 21 as the above embodiment of

16

ing layer; and a piezoelectric element joined to the base
material, wherein the amount of deviation between the
central axis of the piezoelectric element and the central
axis ol the base material 1s 2% or less of the outer-

this 1nvention includes the piezoelectric element 23 5 diameter dimension of the hase material
having a structure divided into a plurality of columnar- (3) An ultrasonic-wave transmitter/receiver according to
oscillating parts 33 by forming the cuts K1 extending the eleventh or twelfth aspect of this invention, char-
I;ﬂliallyl and hgnzontailly. Ho;{ever,, asl shoiwnl 11(11 FIS' acterized 1n that the ultrasonic transducer comprises: a

%, the ultrasonic transducer 21 may also include the base material that functions also as an acoustic-match-
piezoelectric element 90 having a structure divided mnto 10 . _ . . .

. . o ing layer; and a piezoelectric element joined to the base

a plurality of strip-shaped oscillating parts 91 by mak- . : . .
. L S material, wherein the case 1s configured with an upper
ing a cut K2 extending in one direction. As such, the .

: : case that opens at the lower end and with a lower case
number of times of making the cuts K2 necessary to b b 1 therein f -
form the oscillating part 91 will be half as much Elat' OPeni at the Epper enlj t erFuﬁ tile amount Od
compared to the case in which the columnar-oscillating 15 eviation ehiveent ¢ centra dX15 O _t eﬂ OWeL Cdse all
part 33 is obtained by making the cuts K1 extending the cenii;ral ax1s O‘f the l:::ase material 15 2% or less of the
vertically and horizontally. That makes it easy to form outer -dlamete.'r dimension Of_ the low?r case.
the cuts K2, thus eventually reducing the cost of (4) An ultrasonic-wave transmltter/rec'enfer acqordmg to
manufacturing the ultrasonic transducer 21. Also, since the eleventh or tweltth aspect of this invention, char-
the oscillating part 91 is strip-shaped, the oscillating 20 acterized 1n that the amount of deviation between the
part 91 becomes longer in the planner direction than the central axis of the weight and the central axis of the
columnar-oscillating part 33. As a result, the strength of piezoelectric element 1s 2% or less of the outer-diam-
the oscillating part 91 1s 1increased, thus improving the eter dimension of the piezoelectric element.
reliability of the ultrasonic transducer 21. Further, the (5) An ultrasonic-wave transmitter/receiver according to
U!tf asonic tr ansducer 21_ may comprise a disk-shaped 25 any one of the first to twelfth aspects of this invention,
piezoelectric element without a cut K1 or may com- characterized in that the weight comprises: a cable-
prise an annular or rectangular piezoelectric element. insertion hole through which the cable is inserted at the
Furthermore, 1t 1s also possible to use a piezoelectric center; and a concave part on the bottom surface, in
elgn}ent l}aV1ng d (_)'3 comp:osﬂ;e s'tructur? formed by which concave part wiring included in the cable can be
mixing piezoelectric ceramic particles with a rubber 30

arranged, and whereon such bottom surface the con-

material or a piezoelectric element made of porous cave part communicates with the cable-insertion hole.

piczoelectric ceramics (e.g. porous element), or the
like.

According to the above embodiment of this invention, the
base material 22 that functions as an acoustic-matching 35
layer 1s 1nserted between the piezoelectric element 23
and the lower case 51. However, the base material 22
may be omitted, since the lower case 51 also functions
as an acoustic-matching layer. Further, the base mate-
rial 22 1s not necessarily limited to one kind of matenal
but can be of a multi-layer-matching layer formed by

DESCRIPTION OF THE REFERENCE
NUMERALS

10: Ultrasonic-wave transmitter/receiver

21: Ultrasonic transducer

21a: Upper surface of the ultrasonic transducer

23, 90: Piezoelectric element

32: Rear surface as the main surface of the piezoelectric

40

laminating together different types of materials. element
According to the above embodiment of this invention, the 40: Cable
base material 22 that functions as the acoustic-match- 41: First wiring as the wiring

42:
50:
S1:
S4:
S5:

Second wiring as the wiring

Case

Lower case

Bottom of the lower case

Side wall of the lower case

58: Inner wall of the lower case

61: Upper case

61a: Lower end of the upper case

65: Inner-peripheral surface of the upper case
66: Positioning-convex part

67: Top of the inner wall of the upper case
81, 103, 105, 107, 111, 115: Weight

82, 102, 104: Cable-insertion hole

83, 112, 116: Outer-peripheral surface of the weight
84: Positioning-concave part

85, 101: Bottom surface of the weight

86, 86a, 86H: Concave part

Al: Filler

A2: Cavity

A3: Upper-end surface of the filler

C1: Center of the weight

K1, K2: Cut

ing layer 1s bonded to the piezoelectric element 23 and 45
to the lower case 51. However, 1t 1s possible to omit the
base material 22 and to arrange the spacer to make a
clearance so that a constant distance 1s made between
the lower case 31 and the piezoelectric element 23.
Then, the filler 1s poured into the clearance and cured,
thus forming the acoustic-matching layer.

According to the above embodiment of this invention, the
groove 57 1s formed on the outer peripheral surface 53
of the side wall 55 of the lower case 51. However, the
groove 57 need not be provided. 55

Besides the technical 1deas described about this invention,

other technical i1deas to be understood about the described
embodiments, above, are hereinalter described.

(1) An ultrasonic-wave transmitter/receiver according to
any one of the first to twelfth aspects of this invention, 60
characterized in that the thickness of the weight is less
than the outer diameter of the weight and less than the
height of the cavity.

(2) An ultrasonic-wave transmitter/receiver according to
the eleventh or twellth aspect of this invention, char- 65
acterized 1n that the ultrasonic transducer comprises: a
base material that functions also as an acoustic-match-

50
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The 1nvention claimed 1s:

1. An ultrasonic-wave transmitter/receiver for a fish-

finder, comprising:

an ultrasonic transducer for transmitting and receiving
ultrasonic waves;

a hanging-bell shaped case securing a sealed state for
housing such ultrasonic transducer;

a cable for suspending the case;

a weight placed on an upper side of the ultrasonic trans-
ducer that 1s located at a bottom inside the case,
wherein the weight has a substantially truncated-cone
shape and includes a cable-insertion hole for receiving,
the cable at a center of the weight; and

the case further comprising:

1) an upper case that 1s open at a lower end thereot, with
an outer diameter being gradually reduced toward an
upper end thereof, the upper case having a wiring
insertion hole at the upper end through which the
cable 1s pulled out; and

11) a lower case that 1s open at an upper end thereof,
with a bottom and side wall integrally formed into a
concave cross-section;

a filler, the filler filling a void space between:

a) an outer peripheral surface of the weight and an 1nner

wall of the upper case,

b) a bottom surtace of the weight and an upper surface of

the ultrasonic transducetr,

¢) the cable and the cable insertion hole, and

d) an outer peripheral surface of the ultrasonic transducer

and an inner wall of the lower case,

the case filled so as to leave a cavity 1n an area above an

upper surface of the weight, a thickness of the weight

being smaller than a dimension 1n a height direction of
the cavity, and

the filler being a liquid type of a filler that 1s cured with

adhesive properties.

2. An ultrasonic-wave transmitter/receiver according to
claam 1, characterized in that a concave part, on which
wiring included 1n the cable can be arranged, 1s formed on
the bottom surface of the weight.
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3. An ultrasonic-wave transmitter/receiver according to
claim 2, characterized in that a plurality of concave parts
radially extend from the center of the weight.

4. An ultrasonic-wave transmitter/receiver according to
claim 2, characterized in that the wiring 1s arranged 1n the
concave part, and that the filler 1s filled 1nto the concave part
in which the wiring 1s arranged.

5. An ultrasonic-wave transmitter/receiver according to
claim 1, characterized in that an upper-end surface of the
filler 1s located at a height of half or less of a height of an
upper surtface of the ultrasonic transducer to a top of the
inner wall of the upper case.

6. An ultrasonic-wave transmitter/receiver according to
claiam 1, characterized in that a positioning-concave part,
extending 1n a thickness direction of the weight, 1s formed
on the outer-peripheral surface of the weight, and a posi-
tioning-convex part 1s provided on the inner wall of the
upper case so as to be fitted with the positioning-concave
part, and that the filler 1s filled 1nto the clearance between the
positioning-concave part and the positioning-convex part.

7. An ultrasonic-wave transmitter/receiver according to
claim 1, characterized in that the inner wall of the lower case
has a shape of which an inner diameter gradually decreases
toward the bottom of the lower case, and therein the ultra-
sonic transducer that makes contact with the inner wall 1s
guided to a center position of the lower case, thus being
disposed on the bottom of the lower case.

8. An ultrasonic-wave transmitter/receiver according to
claim 1, characterized in that the ultrasonic transducer
comprises a piezoelectric element having a plurality of cuts
formed on a main-surface side thereot, with an outer surface
of the piezoelectric element being covered with the filler,
and therein piezoelectric element the filler 1s filled 1nto the
plurality of cuts.

9. An ultrasonic-wave transmitter/receiver according to
claim 1, characterized in that the ultrasonic transducer
comprises a piezoelectric element having a plurality of cuts
formed on a main-surface side therein, the outer surface of
the piezoelectric element 1s covered with the filler, while the
plurality of cuts are void spaces.
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